Eleven patienta wbo had a sinus rhythm with PVCs were studied with a bipolar esoph.eeal lead for a total of 41 evaluations. Four of these patients had a varying degree of prematurity of the ventricular extrasystole. In these patients it was demonstrated that in the human heart the impulse can be conducted in an antegrade or retrograde fashion through the A-V junctional tissue. The direction of conduction is dependent upon the degree of prematurity of the preceding venMcular e m s t o l e . These findings support the premise that the human heart has the capacity of bidirectional conduction through the A-V junctioa.
emgrade conduction in the human heart was thought to be a rare phenomenonI4 until the work of Kistin and Landowne5 who found that conduction to the atria from PVC occurred in 15 to 33 patients they studied. The result of this study was contrary to accepted principles at that time since the presence of a consistent retrograde block at the level of the A-V node was believed to be the "normaln circumstance in the human h e a~-t .~,~ In accord with their findings Kistin and Landowne questioned the validitfi of this theory believing that bidirectional conduction through the A-V node probably was "a normal" occurrence. Bussan and co-workers6 repeated the study and found that in nine of ten patients they investigated retrograde conduction was present. However, they eliminated 25 patients from their statistics because of the presence of sinus arrhythmia or sinus tachycardia; thus the true incident in this study is obscure.
One of the conditions that determines whether retrograde conduction will occur following a PVC is the degree of prematurity of the ventricular extrasystole. ' V junction is present in the human heart, it should be possible to demonstrate retrograde conduction associated with PVC's that occur "early" in the electrical cycle and antegrade conduction associated with PVC that occur later. The purpose of this investigation was to determine whether varying degrees of prematurity of a ventricular extrasystole can be associated with a reverse in the direction of the impulse traversing the atria once a primary direction of atrial depolarization has been established.
Eleven hos~italized and ambulatory patients having sinus rhythm with PVC's are the subject of this study. No patient was receiving medication directed at suppressing the PVC's at the time of their evaluations. Patients were selected without regard to age, sex or type of cardiac disease.
Using a standard Cambridge ECG machine a long rhythm strip of standard lead I1 was obtained. A bipolar esophageal lead (BEL0 ) was then passed into the esophagus so that the distal end was 40 cm from the external nares. The terminals leading to the distal end and proximal electrodes of the BEL were then connected to the LA and RA terminals of the patient cable. Under ECG monitoring of "lead I," the BEL lead was maneuvered to a position that produced the greatest P wave deflection. No attemvt was made to standardize the orientation of the P wave so that it was positive in some patients and negative in others.
An esophageal electrogram was obtained every five niin-' A Chardack permanent bipolar endocardia] lead ( Xledronic #5818) yas used as an esopha eal lead. It has a length of 58 cm, an external diameter oP3.8 mm, and a distance between distal and proximal electrodes of 15 mm. utes from K hour (one evaluation). Each patient was restudied so that the 11 patients had a total of 41 evaluations (four in eight patients and three in three patients). Recordings demonstrating sinus arrhythmia were omitted from the study.
The interval from the intrinsic deflection of the P wave preceding each PVC to the beginning of the PVC was measured in all tracings. This interval is referred to as the "P-X" interval in Table 1 , and is characterized by an "I" on each elechogram. * Criteria for retrograde conduction. Prematurity of the P wave following a PVC was the basic criteria used in determining the presence of retrograde conduction. Fusion P waves were not considered diagnostic of retrograde conduction unless some degree of prematurity was also present, since we found, as did Bussan and associates,e that slight movement of the electrode caused alteration of the configuration of the P wave making it impossible to diagnose fusion with certainty. from the SA node. Figures 1 through 3 are the esophageal electrograms of these three patients (case 1-3 of Table 1 ). Each rhythm strip shows a PVC associated with antegrade conduction and one associated with retrograde conduction of the atria. The P-X interval ( I ) of the PVC associated with antegrade conduction was always greater than the corresponding interval associated with retrograde conduction. This finding was constant for all three patients (Table 1 ). In the other four patients in this group, the degree of prematurity of the ventricular extrasystoles never varied.
In four patients antegrade conduction following a PVC was the primary mechanism. In one of these patients retrograde conduction constantly occurred following the second extrasystole when coupled PVC's appeared ( Fig 4-case 4 ) . The P-X interval of the PVC associated with antegrade conduction is .56 seconds and the corresponding interval of the PVC associated with retrograde conduction is .41 seconds (Table 1-case 4). The P-X interval of the PVC associated with antegrade conduction is .41 seconds (Table 1-case 4). This finding was constant throughout the entire evaluation of this patient. In the three other patients in this group the degree of prematurity was constant and never demonstrated retrograde conduction. As seen in Table 1 , the PVCs that were associated with retrograde conduc- with retrograde conduction to the atria (P'). The arrow denotes the retrograde P' wave which is premature and of a different configuration from the P waves of sinus origin. The P-X interval ( I ) is .52 seconds. The second PVC is associated with a P wave which originated from the sinus node (antegrade conduction). This P wave is of the same configuration as the other sinus P waves and is not premature. The P-X interval ( I ) is .58 seconds. FIGURE 2. Esophageal electrogram of case 2. The first PVC ( X ) is associated with a P wave of sinus origin. The P wave is not premature and of the same configuration as the other P waves of sinus origin. The P-X interval ( I ) is .59 seconds. The second PVC is associated with retrograde conduction to the atria (P'). The arrow points to the retrograde P' wave which is premature and is of different configuration from the P waves of sinus origin. The P-X interval ( I ) is .48 seconds.
tion in all patients always demonstrated a greater degree of prematurity than the PVC's that were associated with antegrade conduction. The heart rate was constant during each evaluation so that when antegrade or retrograde conduction occurred the heart rate was not variable.
Dxscussxo~
Retrograde conduction to the atria from a PVC occurred in seven of 11 patients, a frequency that parallels the findings of previous report^.^.^ The true incidence is obscure, however, and may well be meaningless since this study demonstrates the ability of the human heart to conduct in antegrade or retrograde fashion through the A-V junction depending upon the degree of prematurity of the preceding ventricular extrasystole. In the patients that demonstrated retrograde conduction as the primary mechanism, when antegrade condudion occurred, it was always associated with a PVC that was later in the electrical cycle than the PVC's that were associated with retrograde conduction. Conversely when antegrade conduction was the primary mechanism, retrograde conduction was always associated with PVC's that had a greater degree of prematurity. In their study, Bussan and co-workers6 found that retrograde conduction was usually associated with a heart rate of 80 per minute or less. Since PVC's usually occur at slower heart rates, they concluded that retrograde conduction following a PVC is probably a common phenomenon. Since the cardiac rate was constant when bidirectional conduction occurred, we believe that the relationship between .the degree of prematurity and the cardiac rate, rather than the rate itself, is a major factor that determines whether retrograde or antegrade conduction will occur. However, we agreed that rapid rates will more likely be associated with antegrade conduction since under this condition it is more likely that the antegrade impulse will encounter refractory atrial tissue. Conversely, during slower rates, the degree of prematurity of the PVC would not have to be as marked to produce retrograde conduction since the excitable state of the atria would persist for a longer period. Fig 3-A) is followed by a P wave of sinus origin. The P wave is not premature and of the same configuration as the other P waves of sinus origin. The P-X interval is .56 seconds. The second PVC ( X in Fig 3-B ) is fallowed by retrograde P' (arrow) which is premature. The P-X interval ( I ) is .54 seconds, which is only slightly shorter than the P-X interval associated with the antegrade conduction.
The retrograde P wave is slightly altered in its configuration so that it might well represent a fusion "P" wave. This study confirms the ability of the human heart to conduct in a bidirectional fashion through the A-V junction depending upon the degree of prematurity of a ventricular extrasystole.
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